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Abstract. Ceramic water filters have been identified as one of the most promising and accessible technologies for
treating water at the household level. In a six-month trial, water filters were distributed randomly to half of the 50
participating households in a rural community in Bolivia; the remaining households continued to use customary water
handling practices and served as controls. In four rounds of sampling following distribution of the filters, 100% of the
96 water samples from the filter households were free of thermotolerant coliforms compared with 15.5% of the control
household samples. Diarrheal disease risk for individuals in intervention households was 70% lower than for controls
(95% confidence interval [CI] 53−80%; P < 0.001). For children less than five years old, the reduction in risk was 83%
(95% CI  51−94%; P < 0.001). These results show that affordable ceramic water filters enable low-income households
to treat and maintain the microbiologic quality of their drinking water.
INTRODUCTION
Contaminated drinking water, along with inadequate sup-
plies of water for personal hygiene and poor sanitation, are
the main contributors to an estimated four billion cases of
diarrhea each year, causing 2.5 million deaths.1 Among chil-
dren under less than five years old in developing countries,
diarrheal disease accounts for 21% of all deaths.2 In Bolivia,
diarrheal disease is the largest cause of morbidity and mor-
tality among children less than five years old, with an esti-
mated 500,000 cases and 7,900 deaths, and a prevalence of
30%.3 By inhibiting normal consumption of foods and ad-
sorption of nutrients, diarrheal diseases are also an important
cause of malnutrition, leading to impaired physical growth
and cognitive development,4 reduced resistance to infection,5
and potentially long-term gastrointestinal disorders.6
Bolivia has made significant progress in bringing access to
safe water to its marginalized regions. Nevertheless, an esti-
mated 45% still lack such access in rural areas, ranking among
the highest in the hemisphere.7 While the delivery of safe and
reliable water services is an essential goal, a World Health
Organization (WHO)−sponsored literature review of existing
research concluded that simple, acceptable, low-cost interven-
tions at the household and community level are capable of
dramatically improving the microbial quality of household
stored water and reducing risks of diarrheal disease and
death.8 Among the alternatives that the review deems most
promising is ceramic microfiltration.
Ceramic filters are manufactured in a variety of pore sizes.
Good-quality filters have micron or submicron ratings and are
impregnated or coated with silver for additional bacteriosta-
tis. The filters are typically formed into hollow cylindrical
“candles” that are mounted into the top of a two-com-
partment vessel. Pathogens are removed as contaminated wa-
ter passes through the candles in the top compartment to the
lower holding compartment. The filtered water can only be
accessed from this lower compartment by a tap or spigot, thus
protecting it from the risk of recontamination prior to con-
sumption.9
In an effort to evaluate ceramic drip filters as a health
intervention in developing countries, the investigators, in col-
laboration with the Pan American Health Organization, un-
dertook a six-month intervention study in a rural community
near Cochabamba, Bolivia. The outcome parameters of this
study include microbiologic effectiveness, diarrhea preven-
tion, cost-effectiveness, acceptability, and willingness-to-pay.
This report presents the results on microbiologic effectiveness
and diarrhea prevention.
MATERIALS AND METHODS
Study site. Charinco is a rural community of approximately
360 people located 20 km west of Cochabamba, Bolivia in the
Municipality of Vinto. The community consists of 80−90
households dispersed among small agricultural plots. It was
selected as the study site based on its reliance upon surface
water for drinking and its practice of storing such water in the
home. After meeting with community representatives and
performing an initial analysis of water samples, 50 households
were recruited to participate in the study. Investigators ex-
plained that half of the participating households would re-
ceive a filter at the inception of the study, and the other half
six months later. An investigator then collected baseline in-
formation from the head of each participating household of
each by means of a standard questionnaire, and obtained a
sample of the pre-intervention drinking water for baseline
data purposes. Thereafter, households were randomly allo-
cated by lottery, half to an intervention group and half to a
control group.
Intervention. Intervention group households received a
gravity water filter system. It consisted of two locally pro-
duced, 15-liter, covered, clear plastic buckets, two Katadyn
240-mm porous ceramic filter elements (Katadyn Produkte
AG, Zurich, Switzerland), and a metal valve for dispensing
the product water (Figure 1). The Katadyn Ceradyn™
candles have a nominal pore size of 0.2  and are impregnated
with silver for bacteriostasis. According to the manufacturer,
each candle can treat up to 50,000 liters of water depending
on frequency of cleaning, and each candle can produce up to
1.5 liters/hour of filtered water depending on turbidity. Mem-
bers of the intervention group attended a meeting during
which they assembled their filter systems and received in-
structions on filling, using, and cleaning the system. They
were encouraged to place the filter on a flat, stable surface
that was accessible even to small children; to fill the unit as
frequently as necessary using the same water that they pre-
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viously used for drinking; to encourage all household mem-
bers to use the filter for drinking, cooking, and cleaning eating
utensils; and to clean the candles with a coarse sponge (also
provided) whenever they noticed that the flow rate was re-
duced. They were also instructed to refrain from opening the
lower vessel for any reason, and to access the filtered water
solely from a cup or other utensil filled from the tap. Spare
candles, buckets, and taps were left with the community
leader. Two filter systems were also provided to the school
master, one for each classroom. Apart from answering ques-
tions upon distribution of the system or in subsequent visits
for sampling and diarrhea surveillance, no hygiene or other
instructions, further training, or other explanations were pro-
vided as part of the intervention. Control households contin-
ued to use their customary practices for collecting, storing,
and drawing drinking water. Placebo water filters were not
issued to the control group for two reasons: 1) it would have
been very difficult to devise a dummy water filter with iden-
tical filtration characteristics (improvement of clarity and pal-
atability) but with no microbiologic effect, and 2) we were
concerned at the ethical implication of control households
changing their water consumption practices in the belief that
water quality had been improved by a placebo filter.
Sampling and surveillance. Following the distribution of
the filter systems in February 2003, an investigator returned
to Charinco at approximately six-week intervals (weeks 7, 13,
19, and 25) to record diarrhea prevalence during the previous
seven days (defined as three or more loose stools during a
period of 24 hours) and to obtain a sample of drinking water.
Water was collected in sterile 125-mL Nalgene bottles
(Nalge Nunc International, Rochester, NY). For the interven-
tion group, water was sampled directly from the taps without
flaming the tap so that the sample would reflect normal col-
lection procedure and include any contamination associated
with normal use. Water from the control group was collected
from the vessel or reservoir used to fill a drinking cup. All
samples were preserved between 4°C and 10°C and analyzed
within four hours using the membrane filter technique.10 Be-
cause of anticipated levels of bacterial contamination, the
analysis was performed on 100 mL of sample water from
intervention households, but only 20 mL from the control
households. Sample water was passed through a 0.45  mem-
brane filter (Millipore Corporation, Bedford, MA) and incu-
bated on membrane lauryl sulfate media (Oxoid, Ltd., Ba-
singstoke, Hampshire, United Kingdom) at 44 ± 0.5°C for 18
hours in an Oxfam Delagua portable incubator (Robens In-
stitute, University of Surrey, Gilford, Surrey, United King-
dom). The number of yellow colonies were counted (and mul-
tiplied by 5 in the case of the 20-mL samples) and recorded as
individual thermotolerant coliforms (TTC). When a volume
of 20 mL produced a number of yellow colonies that were too
numerous to count, the count was assigned a value for pur-
poses of statistical analysis of 3,000 TTC per 100 mL.
Data collection and analysis. Data were recorded and ana-
lyzed using Epi-Info version 3.01 (Centers for Disease Con-
trol and Prevention, Atlanta, GA) with additional statistical
analysis performed using Stata Release 7 (Stata Corporation,
College Station, TX). Data from the control and intervention
groups were compared by a two-sample t-test and by Fisher’s
exact test. Stepwise multivariate linear regressions were per-
formed to determine possible associations between preva-
lence of diarrhea and baseline characteristics. Generalized
FIGURE 1. Schematic of the ceramic filtration unit used in the field trial in Charinco, Bolivia.
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estimating equations (GEEs) were used for the analysis of
repeated observations of diarrhea in individuals over time
and episodes of diarrhea in families controlling for clustering
within households. Longitudinal prevalence of diarrhea was
used as an outcome measure because of its association with
diarrhea mortality.11
Ethics. Informed consent was obtained from the household
head (usually, the senior male) at the beginning of the project.
The project expectations and respective obligations by both
the participants and investigators were explained and any
questions were answered. The participants were not subjected
to risks of any kind as a result of the project. The investigators
provided feedback and information to the participants at
regular intervals, conducting the project in the most open
manner possible. The study was reviewed and approved by
Ethics Committee of the London School of Hygiene and
Tropical Medicine. All control group households received
their filters on July 28, 2003. A plan for sustainable continu-
ation of the project is currently being realized in association
with Sumaj Huasi, the local non-governmental office.
RESULTS
Study participants and households. Baseline demographic
and other characteristics for the control and intervention
groups are shown in Table 1. A total of 50 households with
280 persons were recruited into the study (mean  5.6 per-
sons per household) representing approximately 78% of the
community’s estimated population. The median age of the
study population at the commencement of the study was 15
years (range  1 week to 86 years). Of the study participants
32 (11%) were less than five years of age, and 148 (53%) were
female. Two people were lost to follow-up during the study
(one adult from the control group and one child from the
intervention group). Data on household construction and
number of rooms were collected as proxies for economic sta-
tus. Baseline data indicated statistically significant differences
between intervention and control households in the number
of occupants, use and observation of soap for hand washing,
and dispensing of stored water by dipping or by pouring.
Multivariate GEE analysis controlling for clustering within
households did not show any correlation between these char-
acteristics and prevalence of diarrhea.
Sanitation and hygiene practices. While two (4%) of the
households reported having latrines, in neither case was it
used or usable. No other sanitation facilities were present.
None of the heads of household reported that they had re-
ceived any type of hygiene instruction during the six months
immediately preceding the study. When asked about hand
washing, 38 (76%) of households reported using soap (nor-
mally washing powder for clothes), while the remainder re-
ported using water only. Thirty-one (62%) of the households
could demonstrate to the investigator that soap was present in
the household on the day of the interview.
Water handling practices. Apart from the rainy season (No-
vember to April) when four (8%) of the study households
reported occasionally harvesting rainwater, households in
Charinco procure their water from open irrigation canals fed
by a stream (60%), directly from the stream itself (21%), or
from an unprotected hand-dug well. Most households have a
small pond that they top off weekly when irrigation water is
available. No household was more than 30 meters from the
nearest canal (average 9.2 meters) or more than 200 meters
from the stream. Water quantity is sufficient even in the dry
season. The majority (65%) of households used a barrel,
bucket, clay pot, or tank for household water storage. Of 26
such containers, only 7 were covered. A jerry can was used for
storage by 18% of the households. When asked to demon-
strate how they would access the water for drinking, 85% of
householders dipped a cup or other utensil into the stored
water, while the balance poured from the container into a
cup; none had a container with a tap or spigot from which
they could access water. Two households reported occasion-
ally treating their water before drinking, in both instances by
boiling.
TABLE 1
Characteristics of intervention and control households*
Characteristic Intervention group Control group P
Demographic
 16 years old 59 (47%) 78 (50%) NS
5–15 years old 46 (37%) 54 (35%) NS
< 5 years old 15 (12.0%) 17 (11%) NS
Female 66 (53%) 82 (53%) NS
Total 125 155 –
Household
Mean number of rooms 2.56 2.80 NS
Mean number of occupants 5.0 6.2 0.014
Adobe/brick construction 15 (60%)/10 (40%) 17 (68%)/8 (32%) NS
Sanitation and hygiene practices
Usable latrine 0 (0%) 0 (0%) NS
Normally wash hands with soap 23 (92%) 15 (60%) 0.008
Soap observed in house 17 (94%) 14 (61%) 0.014
Water handing practices
Draw water from canal, river, or rainwater 17 (68%), 2 (8%), 2 (8%) 12 (52%), 8 (35%), 1 (4%) NS
Normally transfer to a storage vessel 15 (60%) 9 (38%) NS
Storage vessel is covered 5 (24%) 4 (29%) NS
Storage vessel has tap 0 (0%) 0 (0%) NS
Draw drinking water by dipping, pouring 23 (96%), 1 (4%) 18 (75%), 6 (25%) NS
Boil or otherwise treat water before use 1 (4%) 1 (4%) NS
* Demographic data are by individual; remaining data are by household. Number varies due to missing data. NS  not significant (at the 5% level).
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Microbiologic impact. Prior to the introduction of the fil-
ters, the arithmetic mean TTC counts for the intervention and
control groups were 797 TTC/100 mL and 790 TTC/100 mL,
respectively, a difference that was not statistically significant
(Table 2). The range was 1−3,860 TTC/100 mL for the inter-
vention group and 1−3,740 TTC/100 mL for the control
group. Following introduction of the filters, 100% of the 96
samples from intervention households were free of TTC.
Samples from the control group continued to have significant
levels of TTC; 66%, 34%, and 11% of the samples exceeded
10, 100, and 1000 TTC/100 mL, respectively. Only 16% (15 of
96) control household samples tested meet the WHO stan-
dard of 0 TTC/100 mL. The TTC counts in control households
showed a statistically significant linear decrease with each
visit over the duration of the study (P < 0.03).
Diarrhea reduction. Prior to the distribution of the filters
the prevalence of diarrhea was similar in both the interven-
tion and control groups (21.3% versus 22.1%) and was within
the range published by the Bolivian Ministry of Health.3 Di-
arrhea prevalence among the control group remained at this
level (range  18.8−23.1%) during the entire six-month trial.
The prevalence of diarrhea was significantly lower in the in-
tervention group than in the control group (Figure 2). In the
first round of diarrhea surveillance, the prevalence of diar-
rhea in the intervention group decreased by 77.2% from the
baseline prevalence; in the control group, diarrheal preva-
lence increased by 2.7%. The filter remained protective
throughout the study. The GEE analysis showed a statistically
significant difference in risk of diarrhea for individuals con-
trolling for repeated episodes (estimated odds ratio [OR] 
0.30, 95% confidence interval [CI]  0.20, 0.47, P < 0.001)
and for households controlling for clustering within house-
holds (estimated OR 0.29, 95% CI 0.13, 0.65, P 0.002)
between the intervention and control groups in the follow-up
period. Risk of diarrhea for children less than five years old,
controlled for clustering within households, was reduced by
83% (estimated OR 0.17, 95% CI 0.06, 0.49, P 0.001).
The risk of diarrhea decreased by 0.97 (95% CI  0.96, 0.99,
P < 0.02) for each year of life. The mean reduction in diarrhea
prevalence during the six-month trial was 64% (P < 0.0001).
The reduction was highest among children less than five years
old 5 (72%) and lowest among adults (57%) (Table 3). Preva-
lence of diarrhea in the intervention group showed a statisti-
cally significant upward trend over the course of the study
(P < 0.02).
DISCUSSION
During a six-month intervention trial in rural Bolivia,
household-based ceramic water filters eliminated all TTC
TABLE 2
Arithmetic mean thermotolerant coliform (TTC) counts per 100 mL
in drinking water samples from control and intervention groups*
Intervention group Control group
Observed
TTC
count 95% CI Observed
TTC
count 95% CI
Baseline 23 797 366–1,228 23 790 366–1,214
Week 7 23 0 0–0 24 705 231–1,180
Week 13 24 0 0–0 21 418 97–740
Week 19 25 0 0–0 24 173 28–319
Week 25 24 0 0–0 23 255 8–503
* CI  confidence interval.
FIGURE 2. Diarrhea prevalence (points on the lines) and 95% confidence intervals (vertical bars) among control and intervention groups at
baseline and at four rounds of surveillance.
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from drinking water and were associated with a significant
reduction in the prevalence of diarrhea. This study is believed
to be the first in which a ceramic water filter was introduced
as a health intervention for improving drinking water quality
and reducing diarrhea among a vulnerable population. The
results are particularly promising given the fact that the in-
tervention was a simple and relatively inexpensive appliance
(hardware) whose successful introduction did not need to be
accompanied by motivational campaigns, extensive training,
or other instruction (software). Such software has often been
shown necessary to obtain health benefits with other house-
hold-based water interventions.12 This suggests that a signifi-
cant health impact could potentially be achieved simply by
distributing the device by commercial or other means that are
more suitable to broad scale implementation, with minimal
software compared with other interventions. Such software
could, however, optimize the health benefits, reduce failures,
and improve the longevity and sustainability of the intervention.
The principal methodologic weaknesses of this study are
the use of a seven-day recall period and the lack of blinding or
a placebo intervention. There is reason to believe that recall
of episodes of diarrhea, particularly for family members other
than oneself, is unreliable beyond 48 hours.13 The villagers
may also have realized that the intervention was not uncon-
nected with the diarrhea surveillance; control households
could have exaggerated their disease rates so as to benefit
from it in the future, or intervention households under-
reported them to please their benefactors. The consistency
through time of the diarrhea rates reported by the control
group, before and after the intervention (Figure 2), argues
against such possibilities. There is, however, a statistically sig-
nificant upward trend in the prevalence of diarrhea reported
by intervention households. This trend could reflect a bias in
reporting of diarrhea by intervention households; the bias
might have been strongest at the start of the trial then de-
creased as the novelty wore off. Other factors contributing to
this trend could have included increased consumption of un-
filtered water by intervention households over the course of
the study as a result of slower filtration rates or increased use
of contaminated water from other sources as a result of water
scarcity with onset of the dry season. The TTC counts in the
control group decreased significantly over the course of the
study, but the prevalence of diarrhea in the control group
remained constant; this suggests that some other diarrheal
pathogens or transmission routes contribute an increasing risk
that may account for the upward trend in the prevalence of
diarrhea reported by intervention households. Apart from
devising a placebo water filter, these questions could be ad-
dressed by repeating our study over a period of 12 months or
longer during which household water consumption practices
would be monitored more closely.
In four successive rounds of water sampling, no TTCs were
detected in the water produced by the filter system. While the
Katadyn ceramics used in the filter systems have demon-
strated the capability of reducing fecal bacteria by more than
6 logs in the laboratory14 and protozoa by 3 logs,15 it was not
clear whether such performance could be translated to the
field or to a population that did not receive hygiene instruc-
tion or other training. The absence of detectable TTC is simi-
lar to the results obtained in trials involving other household-
based water treatment interventions including chlorina-
tion,16,17 solar disinfection,18 and combined flocculation/
disinfection.19 The fact that the filters can eliminate these
fecal bacteria without a requirement for chemicals (which
could discourage use by some consumers) presents an advan-
tage over interventions that rely on chemical disinfection.
Moreover, unlike household-based chlorination and solar dis-
infection, the units perform well in moderate and variable
turbidity and regardless of temperature or level of pH.
Recontamination of coliform-free water is also a major
risk, particularly when the product water is not protected by
residual disinfectant.20 Studies have shown, however, that an
improved vessel can improve water quality and reduce diar-
rhea even in the absence of residual chlorine simply by re-
ducing contact with contaminated hands.21 The lack of TTC
in filtered water suggests that the system has overcome the
risk of recontamination. This is probably due to the design of
the unit, which does not permit contaminated water, hands,
fomites, or mechanical vectors to come into contact with the
product water. Key design features of the filter system include
1) the tight-fitting lid over the reservoir vessel, 2) the fact that
the candles can be cleaned without opening this reservoir, 3)
a tight seal between the candles and the lower reservoir that
prevents water from entering during filling, and 4) the tap that
allows access to the treated water without coming into contact
with hands or utensils.
The filter system was also associated with a significant re-
duction in the prevalence of diarrhea among the intervention
households. There were statistically significant (P < 0.05) dif-
ferences in baseline data between the control and interven-
tion groups for mean number of (adult) occupants, use and
observation of soap for hand washing and means of accessing
water from household storage vessel. However, multivariate
GEE analysis controlling for clustering within households did
not show any consistent association between these or any
other baseline characteristics and prevalence of diarrhea. The
70% reduction in diarrhea prevalence is substantially higher
than the 15−17% predicted in previous reviews of interven-
tions that only improve water quality.22,23 This result is par-
ticularly interesting in view of what has become the dominant
paradigm in water and sanitation interventions: that to
achieve broad health impact, greater attention should be
given to safe excreta disposal and proper use of water for
personal and domestic hygiene rather than to drinking-water
quality.24 It is also inconsistent with studies that conclude that
an improvement in drinking water quality does not translate
into reduced diarrhea unless there is a previous or concomi-
tant improvement in sanitation.24
The reduction in the prevalence of diarrhea associated with
the intervention is not, however, inconsistent with the grow-
ing number of trials involving improved household-based wa-
TABLE 3
Mean diarrhea prevalence by age among intervention and
control groups*
Age
(years)
Mean diarrhea prevalence
over six-month trial period
Reduction
(95% CI)
P
(t-test)Intervention Control
 16 0.064 0.149 57% (25, 76) < 0.002
5–15 0.078 0.210 63% (35, 79) < 0.0004
< 5 0.165 0.578 72% (52, 83) < 0.0001
Overall 0.085 0.235 64% (50, 74) < 0.0001
* CI  confidence interval.
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ter management, whether accompanied by other water and
sanitation interventions.25–33 A summary of 21 such studies
concluded that the median reduction in diarrhea morbidity
associated with improved household water treatment and
storage was 42% (range  0−88%).34 While the results from
Charinco are within this range, higher percentage reduction
may be attributable to several factors, including the use of
prevalence as an outcome measure (rather than incidence, the
measure used in most other studies), the nature of the inter-
vention (combining treatment and safe storage), the ambient
water quality, and the hygiene or sanitation practices of the
community. A Cochrane Review of these and other trials
involving improvements in water quality that specifically ex-
amines differences in the nature of the interventions, the
study site, and the study methodology is presently under-
way.35 This may show that improved treatment and storage of
water at the household level represents a refinement to the
dominant paradigm.36
The higher reduction in diarrhea associated with the filter
could also be attributed to its acceptability and favorable per-
ception among users (Brown J, unpublished data). All of the
24 intervention households interviewed reported that they
liked the filter, and 96% of respondents would recommend it
to others; 92% reported that they did not find using the filter
inconvenient, 71% said that using the filter did not add sig-
nificantly to their household duties, and 92% reported that
since using the filter they felt better. At the same time, in only
72% of the cases were the filters clearly in use at the time
water was sampled, and the same percentage acknowledged
that they at least occasionally drank unfiltered water either
while away (40%), while working (27%), or when the filter
was empty or slow (27%). Almost half (46%) reported that
the filter was occasionally too slow to provide water for the
family at all times. Eight of the 25 filters were broken or
temporarily out of service during the course of the project, a
significant failure rate that could perhaps be reduced by im-
proved design and instruction. This suggests that although
significant health gains were observed with minimal software,
additional support and education could be effective in in-
creasing sustainability of the intervention.
Contingent valuation methods were used to assess willing-
ness-to-pay for the intervention (Brown J, unpublished data).
When asked to estimate the cost of the filter, the mean re-
sponse was equivalent to U.S. $24.18. However, when asked
the maximum they would pay for the filter, the mean response
was equivalent to U.S. $9.25. Seventy-seven percent said they
would pay 50 Bolivianos (approximately U.S. $7), but only
32% would pay 100 Bolivianos (U.S. $13.50) and 16% 150
Bolivianos (U.S. $20). The cost of the vessels, valves, and
fabrication (drilling holes) is approximately U.S. $7.50, the
balance being the cost of the candles. The actual total cost of
the filter system used in Charinco was approximately U.S.
$25. This is remarkably close to householders’ estimates, but
still well above the amount that most study participants re-
ported that they were willing to pay. Assuming daily usage of
25 liters/system, the total operating cost of the system is ap-
proximately U.S. $0.006 per household per day, or U.S.
$0.00025 per liter. Ceramics compare favorably with other
interventions, including chlorination and boiling, when both
up-front and recurrent costs are considered.8 Cost savings
could be realized by reducing the size of the candle or using
a single candle. There may be other options, such as payment
in installments, to improve the up-front affordability of the
system and thereby improve the opportunity to distribute the
unit commercially without governmental subsidies. While
data on willingness to pay should not be generalized beyond
the economic conditions under which it was collected, since
Bolivia is one of the poorest countries in Latin America, these
results suggest that a significant proportion of vulnerable popu-
lations may be able to afford a ceramic water filter system.
Apart from dealing with the initial cost, the major question
about the use of ceramic microfiltration for treating water
relates to their ability to remove waterborne viruses. Ranging
in size from 20 to 100 nm, viruses are too small by themselves
to be eliminated by microfiltration. There is some evidence
that viral particles tend to aggregate or associate with bacteria
and other larger particles.37 As a result, filters have been
shown to be capable of reducing waterborne viruses at a rate
that is greater than might be expected based on the size of the
microbe.8 There is ambiguous epidemiologic evidence about
the protective effect of household ceramic filters against
hepatitis A virus.38 Further testing is necessary to determine
the level, if any, of such removal, as well as the extent to
which chemical coatings or other enhancements to the filter
media could result in sufficient virus removal or deactivation
to protect communities from waterborne viral pathogens.39
The results from this trial suggest that household-based
ceramic gravity water filters may be an effective intervention
in improving microbial water quality and reducing diarrheal
disease among a susceptible population. In this respect, ce-
ramic filtration may be another useful tool in helping the most
vulnerable populations secure the health benefits of safe
drinking water. Additional trials are under way to explore
such effectiveness in other settings and to address some of the
shortcomings of this method.
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